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We propose the left-right models based on SU(3)C ⊗ SU(M)L ⊗ SU(N)R ⊗U(1)X gauge
symmetry for (M,N) = (3, 3), (2, 3), and (3,2) that address the 750 GeV diphoton excess
recently reported by the LHC. The fermion contents are minimally introduced, and the
generation number must match the fundamental color number to cancel anomalies and ensure
QCD asymptotic freedom. The diphoton excess arises from the field that breaks the left-
right symmetry spontaneously in the first model, while for the last models it emerges as an
explicit violation of the left-right symmetry. The neutrino masses, flavor-changing neutral
currents, and new boson searches are also discussed.
PACS numbers: 12.60.-i
I. INTRODUCTION
The minimal left-right model [1, 2] is defined by the gauge symmetry SU(3)C ⊗ SU(2)L ⊗
SU(2)R ⊗ U(1)B−L which preserves SU(2)L and SU(2)R interchange, called left-right symmetry.
Consequently, SU(2)L and SU(2)R coupling constants equal, and every left-handed fermion doublet
of SU(2)L corresponds to a right-handed fermion doublet of SU(2)R that composes those of the
standard model. All such fermions have the color (SU(3)C) and baryon-minus-lepton (U(1)B−L)
quantum numbers, as usual. The minimal left-right model often works with a scalar bidoublet and
two (a left and a right) scalar triplets. An interesting consequence is that the parity is exact, but its
asymmetry as seen in the standard model is due to the spontaneous left-right symmetry breaking.
Additionally, the seesaw mechanisms that generate small masses for the neutrinos naturally emerge
since the right-handed neutrinos supplied as fundamental fermion constituents and the seesaw scales
designated as the gauge symmetry breaking scales.
The leading postulate [3] that solves the 750 GeV diphoton excess [4] recently observed at the
LHC interprets the excess as a new neutral scalar that couples to extra heavy quarks (and/or new






















2to fundamental left-right asymmetries. The minimal left-right model does not contain extra quarks
as well as being unnaturally to explain the excess, so it should be extended. The first setup is
based on SU(3)C⊗SU(3)L⊗SU(3)R⊗U(1)X gauge symmetry. The extra quarks exist as the third
components of SU(3)L and SU(3)R triplets/antitriplets to complete the fermion representations,
where the first two components are the standard model quarks. The new neutral scalar responsible
for the 750 GeV diphoton excess becomes 33 component of a second scalar bitriplet that reflects
a left-right symmetry from the first scalar bitriplet as including the usual scalar bidoublet. The
second and third models are proposed, based on SU(3)C⊗SU(2)L⊗SU(3)R⊗U(1)X and SU(3)C⊗
SU(3)L ⊗ SU(2)R ⊗ U(1)X gauge symmetries respectively, which explicitly violate the left-right
symmetry. The nature of the scalar excess and heavy quarks radically differs from the first model.
All the models require three generations of fermions in order to cancel anomalies as well as ensuring
the QCD asymptotic freedom, analogous to the 3-3-1 model [5, 6]. Our setups have advantages
and distinguishable phenomenologies, especially in the neutrino masses and flavor-changing neutral
currents, compared to the known minimal left-right and 3-3-1 models. Our theories provide some
new gauge bosons that possibly explain the recently-observed diboson anomalies [7] too.
In the next three sections, II, III, and IV, we propose the models and correspondingly identify
the mechanisms that explain the 750 GeV diphoton excess, respectively. The neutrino masses in
each model are also discussed. Section V is devoted to the flavor-changing neutral currents, new
gauge-boson searches, and other aspects which improve the previously-studied theories. We also
make conclusions and outlook in this section.
II. SU(3)C ⊗ SU(3)L ⊗ SU(3)R ⊗ U(1)X MODEL
The minimal left-right model cannot explain the 750 GeV diphoton excess. Let us suppose a
higher gauge symmetry, SU(3)C ⊗ SU(3)L ⊗ SU(3)R ⊗ U(1)X , completed by a Z2 symmetry of
SU(3)L and SU(3)R interchange, so-called left-right symmetry [14]. The fermion content which is






































































Here, a = 1, 2, 3 and α = 1, 2 are family indices. The quantum numbers in the parentheses are
given upon (SU(3)C , SU(3)L, SU(3)R, U(1)X) groups, respectively. The extra fields Ea and Ja
are new leptons and new quarks, respectively, whose electric charges depend on a free parameter q.
The electric charge operator also reflects the left-right symmetry, which is given by
Q = T3L + T3R + β(T8L + T8R) +X, (4)




Further, the SU(3)C charges will be denoted by ti. Note that X is not identical to B − L, which
is unlike the minimal left-right model.
Provided that the left-handed fermion doublets are enlarged to become fundamental (triplet
or antitriplet) representations of SU(3)L (note that the fermion representations of SU(3)R can be
derived from the left-handed ones by a Z2 transformation aforementioned), the SU(3)L anomaly
cancelation requires the number of triplets equal to that of antitriplets, or in other words, the num-
ber of generations is a multiple of three—the number of fundamental colors. Since the extra quarks
are included to complete the fundamental fermion representations, the number of generations is
less than or equal to five to ensure the QCD asymptotic freedom. Consequently, the generation
number is three, coinciding with the observation [9]. It is easily to check that all other anomalies
vanish. Such result is similar to the case of the 3-3-1 models [5, 6]. Our choice of the fermion
representations is different from the ordinary trinification [10].
To break the gauge symmetries and generate the masses properly, we introduce two (a left and



















































































 = (1, 3∗, 3, 0). (8)
Note that under the Z2 symmetry, the scalars transform as ΣL ↔ ΣR and Φ+ ↔ Φ−, while
under the gauge symmetry SU(3)L⊗SU(3)R they transform as ΣL → ULΣLUTL , ΣR → URΣRUTR ,
Φ+ → ULΦ+U †R, and Φ− → URΦ−U †L.
The total Lagrangian of the considered model is given as
L = Lkinetic + LYukawa − Vscalar, (9)
where the first part provides kinetic terms and gauge interactions. The Yukawa terms are









The scalar potential that is invariant under the gauge and left-right symmetry as well as renor-
malizable can be divided into V = VΣ + VΦ + Vmix, where the first and second parts include only











































































































〈Φ+〉 = 1√2diag(u, v, w), and 〈Φ−〉 =
1√
2
diag(u′, v′, w′), where only the neutral fields can develop
VEVs due to the U(1)Q invariance. We can choose the potential parameters so that Λ
′, u′, v′, w′ ' 0,
while Λ, u, v, w 6= 0, which break the left-right symmetry spontaneously, as desirable. The VEVs
(Λ, w) break the gauge symmetry down to that of the standard model and give masses for the
new particles. Subsequently, the VEVs (u, v) break the standard model gauge symmetry down to
SU(3)C⊗U(1)Q and provide the masses for ordinary particles. To be consistent with the standard
model, we must suppose u, v  w,Λ.
The real or imaginary part of the neutral scalar Φ0−33 =
1√
2
(S + iA) possibly explain the 750







Notice that E and J get masses as (mE)ab = −y+ab w√2 and (mJ)ab = −z+ab
w√
2
. Due to the left-
right symmetry, we have h+ = h
†
− (h = y, z). The S scalar is dominantly produced due to gluon
fusion by J loops at the LHC that is given at the leading order as












which is independent of the Yukawa couplings z± due to the left-right symmetry. The dimensionless
partonic integral was evaluated as Cgg = 2137 at
√
s = 13 TeV for mS = 750 GeV [11]. Taking
αs = 0.12 and the QCD factor K ' 2, it follows






The S scalar mainly decays into two gluons as induced by J loops, while the γγ mode that is
induced by both J and E loops is smaller than. We compare
Γ(S → γγ)






































, yields β2 < −1 + 1/2s2W , where
gL = gR = g and sW = e/g. For s
2
W = 0.231, it follows −1.4345 < q < 0.4345. We plot
σ(pp → S → γγ) = σ(pp → S)Br(S → γγ) as a function of q for three values w = 1, 3, 5 TeV as
in Fig 1. We see that the cross-section is more enhanced when w is small, in O(1) TeV, and |q| is
large, close to its bounds; and only in this case it can fit the data σ(pp → S → γγ) ∼ 5 fb. This




2 ' 6 × 10−5(mSw )2  0.06. The last
value is favored by ATLAS. Further, the w scale might be in tension with other bounds such as


















FIG. 1: The cross-section for pp→ S → γγ at the LHC √s = 13 TeV and mS = 750 GeV.
Another possibility is to interpret the real part of Φ0+33 as the 750 GeV diphoton excess (note
that its imaginary part is a Goldstone boson). The production cross-section of this candidate is
the same previous case, however its branching decay ratio into two photons should be radically
smaller than the case above since it has a VEV and thus mixes with the standard model Higgs
boson, which significally decays into the the standard model heavy particles such as tt¯, hh, WW ,
and ZZ. Without a fine-tuning in the scalar couplings to omit the mixing effects [12], the total
cross-section would be too small to fit the data in some fb for the w scale in TeV. This candidate
is disfavored, but a similar candidate is viable for the model below.
7III. SU(3)C ⊗ SU(2)L ⊗ SU(3)R ⊗ U(1)X MODEL























































 ∼ (3, 1, 3∗,−q3) , (20)


















where a = 1, 2, 3 and α = 1, 2 are family indices, Ea and Ja are new fermions, and q is an electric
charge parameter, similarly to the previous model. The electric charge operator takes the form,
Q = T3L + T3R + βT8R +X, (22)
where TaL, TiR (i = 1, 2, 3, ..., 8), and X are SU(2)L, SU(3)R, and U(1)X charges, respectively,
and β = −(1 + 2q)/√3 in similarity to the above model.
We see that the gauge symmetry and fermion content contain those of the minimal left-right
model, but the theory does not conserve the left-right symmetry. Therefore, the SU(2)L and
SU(3)R gauge couplings are generally unrelated, and the electric charge q (or β) is arbitrary, as
the photon field is renormalized. Again, the number of fermion generations must be three as a
consequence of SU(3)R anomaly cancelation and QCD asymptotic freedom.
The gauge symmetry breaking and mass generation are properly done by using the following
scalar multiplets,
S =
















































 ∼ (1, 3, 1,−1), (24)
where the introduction of ∆ implies a combinational seesaw mechanism of type I and II for the
neutrino masses. Otherwise, if ∆ is omitted, the neutrinos gain masses only from the type I seesaw




the gauge symmetry down to that of the standard model and provide masses for new particles
such as νR, E, J , and new gauge bosons. Whereas, the VEVs of S11 and S22, 〈S11〉 = 1√2u and
〈S22〉 = 1√2v, break the standard model gauge symmetry down to SU(3)C ⊗ U(1)Q and generate
masses for ordinary particles. For consistency with the standard model, we assume u, v  w,Λ.
Apart from the kinetic part that including gauge interactions, the Yukawa Lagrangian and
scalar potential are obtained as








†Q3R + hJαβ J¯αLφ
TQβR +H.c., (25)
V = µ2STr(S
†S) + λ1S [Tr(S†S)]2 + λ2STr(S†SS†S) + µ2ΞTr(Ξ
†Ξ)
+λ1Ξ[Tr(Ξ
†Ξ)]2 + λ2ΞTr(Ξ†ΞΞ†Ξ) + µ2∆Tr(∆
†∆) + λ1∆Tr(∆†∆)2
+λ2∆Tr(∆
†∆∆†∆) + λ3∆Tr(∆†∆†)Tr(∆∆) + µ2φφ
†φ+ λφ(φ†φ)2
+λφS(φ
†φ)Tr(S†S) + λφΞ(φ†φ)Tr(Ξ†Ξ) + λφ∆(φ†φ)Tr(∆†∆)
+λΞSTr(Ξ
†Ξ)Tr(S†S) + λΞ∆Tr(Ξ†Ξ)Tr(∆†∆) + λ∆STr(∆†∆)Tr(S†S). (26)
Above, we denoted Q˜L = iσ2QL that transforms as 2
∗ under SU(2)L, Q˜L → U∗LQ˜L. Note also that
S → ULSU †R, Ξ→ URΞUTR , ∆→ UL∆UTL , and QαR → U∗RQαR, under SU(2)L ⊗ SU(3)R.
Let us interpret the 750 GeV diphoton excess. From the Yukawa interactions, there is generally
no mixing between the ordinary quarks and new quarks, and no mixing between the ordinary
charged-leptons and new leptons. The third component of φ triplet is a standard model singlet
which dominantly couples to the new quarks and to the new leptons. The imaginary part of φ3
is a Goldstone boson, but its real part is a physical Higgs boson to be identified as the 750 GeV
diphoton excess, called X. Moreover, X interacts with the SU(3)R gauge bosons as well as other
new scalars. To keep the rate X → γγ reasonably large, the SU(3)R breaking scales should be
9high so that X cannot decay into the new particles as kinematically suppressed. This also ensures
that the dangerous FCNCs, dijet and Drell-Yan processes are prevented.
Further, from the scalar potential there might exist a mixing between the Higgs singlet X and
the standard model Higgs boson. This mixing is expected to be small when its VEV w is so large
or a fine-tuning in scalar couplings is needed [12]. The former leads to a too small cross-section
σ(pp → X) to compare with the data, so it is not imposed. In the case under consideration,
the couplings of X to the standard model fermions, Higgs, and gauge bosons can be neglected.
The X excess decays only into gluons (via J loops) and photons (via J and E loops), completely
similar to the previous model. But, the difference is that w is sizable and q is arbitrary. The total
cross-section σ(pp→ X → γγ) is given in Fig. 2, which fits the data when q is actually large. This
case favors a narrow width of X decay ΓXmX ' 6× 10−5(
mX
w )
2  0.06 as suggested by ATLAS.




















FIG. 2: The cross-section for pp→ X → γγ at the LHC √s = 13 TeV and mX = 750 GeV.
When keeping the VEV w in a few TeV and the scalar couplings are relaxed, the large decays
of X into WW , ZZ, hh, and tt¯ dominating over the gluon mode are expected due to the mixing,
and it can fit the large width as suggested by ATLAS [12]. Therefore, the branching decay ratio
of X into two photons is Br(X → γγ) ' Γ(X → γγ)/45GeV, where














We plot the total cross-section as a function of q for w = 1, 3, 5 TeV in Fig. 3. Consequently, the
signal strength fits the data if |q| is large, corresponding to each w.
10




















FIG. 3: The cross-section for pp→ X → γγ at the LHC √s = 13 TeV and mX = 750 GeV.
Some remarks are given in order,
1. The advantage of the considering model over the model in the previous section as well as
the 3-3-1 models [12] is that the parameter q is not bounded. This relaxation of q makes the
candidate we interpreted as the 750 GeV diphoton excess viable.
2. To avoid the unwanted low-values of w and the disfavored large values of q, we can introduce
an inert scalar triplet φ′ ∼ (1, 1, 3,−1+2q3 ) which has the gauge quantum numbers similarly
to φ. The field φ′ couples to the leptons and quarks like φ, but it does not develop VEV,
which can be ensured by choosing appropriate potential parameters. At this stage, we can
interpret the real or imaginary part of φ′3 as the 750 GeV diphoton excess instead of X.
Taking the real part, called S, into account the signal strength is naively proportional to





σ(pp→ X → γγ), (28)
where h′F and hF (F = E, J) are the Yukawa couplings of S and X to the new quarks
or new charged-leptons, respectively. Therefore, the total cross-section is more enhanced
when h′F /hF is large. Assuming that the Yukawa coupling ratios are equivalent for any new
quarks and new charged-leptons, k = h′F /hF , we plot the total cross-section as a function
11
of k for q = 0 (the model without exotic charges), q = 0.4345 and q = −1.4345 (the bounds
of the previous model) as in Fig. 4. Hence, when q = 0, k ∼ 12 is required to fit the data
σγγ ∼ 5 fb, whereas when q = −1.4345 we only need k ∼ 1.5 to have σγγ ∼ 5 fb. The
scenario with the inert scalar φ′ yields a narrow width for the 750 GeV diphoton excess.
In summary, a large ratio between h′F and hF can explain the observed excess while still



















FIG. 4: The cross-section for pp → S → γγ at the LHC √s = 13 TeV and mX = 750 GeV. The w scale is
taken as w = 3 TeV.
keeping the SU(3)R symmetry breaking scale w high enough to satisfy the other constrains
as well as the electric charge value of the new fermions not too large.
3. In the SU(3)C ⊗ SU(3)L ⊗ U(1)X model, the electric charge operator takes the form, Q =
T3 + βT8 + X, where β = −1+2q√3 , and the q parameter as the electric charge of the third
component of the left-handed lepton triplet is constrained by −2.08 ≤ q ≤ 1.08 [13]. Hence,
if the scalar field that is used to break SU(3)L symmetry is interpreted as the 750 GeV
diphoton excess, its status is quite similar to the second candidate in the model of the
previous section [12]. However, if one introduces an inert scalar field instead it may fit the
750 GeV diphoton excess, similarly to φ′ in the second remark above.
To conclude, the 750 GeV diphoton excess can be explained in the SU(3)C⊗SU(2)L⊗SU(3)R⊗
12
U(1)X model of TeV new physics scale by appropriate large electric charges for the new fermions
or alternatively introducing an inert scalar triplet instead. Referred to the higher symmetry of the
previous model, Φ+ = S ⊕ φ∗ while Φ− ⊃ φ′, therefore hF 6= h′F is a consequence of the explicit
left-right asymmetry, in the same reason for q as unconstrained. Both the candidates are thus
interpreted as a result of the obvious left-right asymmetry.
IV. SU(3)C ⊗ SU(3)L ⊗ SU(2)R ⊗ U(1)X MODEL
The apparent left-right asymmetry can also be achieved by introducing the following gauge
symmetry SU(3)C ⊗ SU(3)L ⊗ SU(2)R ⊗ U(1)X . In this case, the electric charge operator is
Q = T3L + βT8L + T3R +X, (29)
where TiL (i = 1, 2, 3, ..., 8) and TaR (a = 1, 2, 3) are the generators of SU(3)L and SU(2)R groups,
respectively, and X is the generator of U(1)X , as usual.
















































 ∼ (3, 3∗, 1,−q3) , QαR =
 uαR
dαR






















where E and J are new charged leptons and new quarks, and α = 1, 2, as usual. The model
requires three generations of fermions in order to validate the SU(3)L anomaly cancelation and
QCD asymptotic freedom. The other anomalies are also canceled out.
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Quite analogous to the previous model, the scalar multiplets are properly imposed as follows
S =
















































 ∼ (1, 1, 3,−1). (35)
Here, Ξ can be included or not. Its presence implies the type II seesaw mechanism for neutrino
masses. Otherwise, the neutrinos always get small masses via the type I seesaw due to ∆.
The Yukawa Lagrangian and scalar potential are respectively obtained as












†S) + λ1S [Tr(S†S)]2 + λ2STr(S†SS†S) + µ2ΞTr(Ξ
†Ξ)
+λ1Ξ[Tr(Ξ
†Ξ)]2 + λ2ΞTr(Ξ†ΞΞ†Ξ) + µ2∆Tr(∆
†∆) + λ1∆[Tr(∆†∆)]2
+λ2∆Tr(∆
†∆∆†∆) + λ3∆Tr∆†∆†Tr(∆∆) + µ2φφ
†φ+ λφ(φ†φ)2
+λφS(φ
†φ)Tr(S†S) + λφΞ(φ†φ)Tr(Ξ†Ξ) + λφ∆(φ†φ)Tr(∆†∆)
+λΞSTr(Ξ
†Ξ)Tr(S†S) + λΞ∆Tr(Ξ†Ξ)Tr(∆†∆) + λ∆STr(∆†∆)Tr(S†S).
Above, noting that under SU(3)L ⊗ SU(2)R the fields transform as S → ULSU †R, Ξ → ULΞUTL ,
∆→ UR∆UTR , QαL → U∗LQαL, and Q˜R = iσ2QR → U∗RQ˜R.
The photon field as renormalized yields a bound on β such as |β| < cotW , thus −2.08 < q < 1.08
for s2W = 0.231, analogous to the 3-3-1 model. The 750 GeV diphoton excess can be identified as
the real part of φ03, called X, (its imaginary part is a Goldstone boson) or alternatively an inert
scalar field as a copy of φ3, called S, which all have Yukawa couplings to the new fermions as usual.
Referred to the cases of the 3-3-1 models [12], all the conclusions drawn for the 750 GeV diphoton
excess exactly apply for this model, as already mentioned in the previous section. That is being
said, X is a good candidate for the excess if q is close to the bounds, and the new physics scale
is low, in O(1) TeV, which must be in tension with other constraints from the FCNCs, dijet and
14
Drell-Yan searches. Otherwise, such constraints can be evaded if S is interpreted as the excess
instead. But, in this case, a hierarchy in the Yukawa couplings of S and X to the new quarks and
charged-leptons might be required, again as a consequence of the explicit left-right asymmetry.
V. OTHER ASPECTS AND OUTLOOK
The three models proposed so far have the property that the third quark generation transforms
differently from the first two, under the gauge symmetries. Hence, there are tree-level FCNCs
associated with the new neutral gauge bosons, which non-universally couple to ordinary quarks.
For the gauge symmetry, SU(3)C ⊗SU(3)L⊗SU(3)R⊗U(1)X , such new neutral gauge bosons are
A8L, A8R, and B, as coupled to the non-universal charges, T8L, T8R, and X, respectively. Moreover,
X is related to T8’s via the electric charge operator. Therefore, the FCNCs are associated with the
fields, Z ′L,R = (A8L,8R − βtXB)/
√
1 + β2t2X with tX = gX/g, as obtained by








Lµ + (L→ R)
]
, (37)
where i 6= j, q = (u, c, t) or q = (d, s, b), and VqL,qR are left-handed, right-handed quark mixing
matrices which relate the gauge states to mass eigenstates. For the second model above, the left
part in the FCNCs is omitted, whereas for the third model the right part is omitted. The mixing
effects of Z ′L,R with the standard model Z negligibly change the FCNCs. However, the contribution
of ZR gauge boson to the FCNCs can be large due to the large mixings with Z
′
L,R.
The above FCNCs contribute to neutral meson mixings as well as rare semileptonic/leptonic
meson decays. Taking a strong bound coming from B0s -B¯
0
s mixing, as governed by the effective




[|(V ∗dL)32(VdL)33|2(s¯LγµbL)2 + (L→ R)] , (38)
where M is a typical mass for Z ′L,R, which is proportional to the new physics scales. From the







where |(V ∗dL)32(VdL)33| ' 3.9× 10−2, assuming VdL = VCKM. Thus, we get
M > 1.46×
√
1 + β2t2X TeV ∼ O(1) TeV. (40)
The w scale is also in this order, in agreement with the bounds from the 750 GeV diphoton excess.
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All the models discussed contain new gauge bosons that might be produced and then decay
into jets or leptons, which are currently searched by the LHC. The bounds from the Drell-Yan
processes may be evaded when the masses of E and νR as well as the new neutral gauge bosons
are large. We are not evaluating the new physics scales in detail, which is out of the scope of this
paper. But, when w is in O(1) TeV, all the models are survival. But, when w is in O(10) TeV,
only the least two models that possess the explicit left-right asymmetries may be alive for all the
searches. Due to the mixings, the new gauge bosons of SU(N)R and SU(N)L/SU(2)L can couple
to the ordinary weak bosons such as WW , ZZ, and WZ, which provide a possible explanation of
the ATLAS diboson excesses recently observed. Note that the constraints from the FCNCs, dijet
and Drell-Yan processes as mentioned can change the results.
To conclude, the SU(3)C⊗SU(3)L⊗SU(3)R⊗U(1)X model can provide the 750 GeV diphoton
excess as a result of the spontaneous left-right symmetry breaking, where the new physics scale w
is in one TeV and the new electric charge q is large, close to its bounds. The SU(3)C ⊗ SU(2)L ⊗
SU(3)R ⊗ U(1)X and SU(3)C ⊗ SU(3)L ⊗ SU(2)R ⊗ U(1)X models can explain the 750 diphoton
excess naturally as a consequence of the explicit left-right asymmetry. All the other bounds can
be evaded when the inert fields are interpreted instead, and the Yukawa coupling ratios (and the
electric charge parameter for the second model) are free to float. Our theories show why there are
only three generations of fermions observed in the nature.
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